Cerebral nocardiosis is an uncommon and usually fatal infection, some 50 cases having been documented of whom only one-fifth have survived. Krueger et al. reviewed the literature in 1954 and noted that of 18 cases of cerebral nocardiosis reported to that date, only one, a case of meningitis, had survived the illness. Occasional cures have been reported since then but have not been sufficiently frequent to dim the pessimistic prognosis usually given to cerebral nocardiosis. Nocardial organisms are opportunistic pathogens which usually produce infection in immunocompromised hosts, and 75% of cases in the United States occur in this group (Beaman et al., 1976) . Cerebral nocardiosis occurs less commonly in patients with an intact immune system who do not have an underlying disorder, such as disseminated carcinomatosis, which is likely to prove fatal in itself. Prognostic information in this group is limited and the main purpose of this report is to clarify this area. Our recent experience with cerebral nocardiosis is presented in which three cases all with multiple abscess cavities survived the illness. These cases, together with the other published reports of cured nocardia cerebral abscess, are analysed and favourable prognostic features reviewed.
Royal Adelaide Hospital under the care of Mr T. A. R. Dinning for investigation of focal seizures involving his right face, impairment of speech, and right faciobrachial weakness all of recent onset. He had a past history of chronic bronchitis and had a heavy alcohol intake. He was afebrile and abnormal findings were confined to the central nervous system. A mild right hemiparesis and facial weakness were noted. There was no papilloedema or evidence of meningism.
Blood haemoglobin level was 13.5 g/dl, white blood count 10 000 cells/mm3, erythrocyte sedimentation rate 93 mm/hour. Liver function tests were normal. Chest radiography showed consolidation in the anterior segment of the right lower lobe but no organism was cultured from the sputum. A nuclear brain scan (99Tc) showed (Table) and to contrast these with some fatal cases. With two exceptions, all surviving cases received antimicrobial therapy specific for nocardia organisms. One case with unusual antimicrobial susceptibility received only penicillin and aureomycin (Krueger et al., 1954) , and one penicillin and streptomycin (Munslow, 1954) . There is no doubt that the latter cass suffered from nocardiosis and not from actinomymosis, and presumably surgery rather than penicillin therapy was curative in each. Where it is recorded, the duration of sulphonamide therapy has varied from eight weeks to several years. The fact that cases given shorter courses do not relapse uniformly suggests that the indolence of cerebral nocardiosis is variable. None of the cured cases had serious underlying disease such as lymphoma or carcinomatosis, a striking contrast with the fatal group. The extent of infection was relatively limited in most of the cured cases. Seven did not have clinically apparent pulmonary disease, which is unusual as the lung is the usual portal of entry for Nocardia asteroides (Frazier et al., 1975) . Multiple cerebral abscesses, with the exception of the three cases documented here, are uncommon in cured cases and if preEent usually represent a major abscess with several satellite lesions. That our cases did survive, however, suggests that although the prognosis in cases with multiple dispersed cerebral abscesses is bad, it is not uniformly hopeless if other bad prognostic indices are absent. Finally, all the cured cases listed underwent a neurosurgical procedure. In the majority a single abscess amenable to radical extracapsular excision was present, and this operation was performed. However, simple aspiration led to cure in one case (Turner and Whitby, 1969) , and our experience confirms that total surgical removal of all infected material is not always necessary to achieve cure as this was not attempted in any of the three cases presented. In cases 1 and 2 sizeable abscess cavities were followed with 99Tc scans in one case and with CAT scans in the second to complete resolution on antimicrobial therapy.
Consideration of some fatal cases of cerebral nocardiosis enables ready contrast with the successfully treated group. Often the diagnosis has been made preterminally or at necropsy (Krueger et al.. 1954) or specific chemotherapy has been started only a few days before death (Pizzolato et al., 1961; Lee et al., 1963) . Some of the fatal cases did not receive any specific nocardial chemotherapy even when a neurosurgical approach was made on an abscess (Teleghani-Far et al., 1964) . Stevens' case (1953) underwent several neurosurgical procedures but was not given sulphonamides. In other cases, an inadequate course of sulphonamides has been given after early diagnosis, resulting in clinical relapse and death as in two cases of Murray et al. (1961) . As might be expected, therefore, the prognosis is poor in patients who are diagnosed late in their course, in cases who do not receive specific chemotherapy and in cases in whom appropriate antimicrobial treatment is discontinued prematurely. Early diagnosis and appropriate treatment do not, however, ensure success (Turner, 1954) . In reports of fatal cases the frequent occurrence of an underlying illness with grave prognostic implications is striking. Disseminated carcinomatosis is a common finding. The case of Arroyo et al. (1977) had disseminated renal carcinoma, case 5 in Larsen's series had breast carcinomatosis (Larsen et al., 1959) , and case 3 of Adams et al. (1971) had Hodgkin's disease. It has been estimated that three-quarters of all cases of nocardiosis in America occur in immunodepressed hosts (Beaman et al., 1976) , and it has been reported in patients receiving steroid and cytotoxic therapy after renal transplantation (Back et al., 1973a) , and cardiac transplantation (Krick et al., 1975) , in chronic granulomatous disease (Breed et al., 1948) , dysgammaglobulinaemia (Neu et al., 1967) , as well as complicating malignant disease (Young et al., 1971) . It has been suggested that immunodepression is a bad prognostic factor in nocardia infections of any sort (Presant et al., 1973) , and certainly this is the case in cerebral infection.
In many fatal cases nocardial infection has been widespread, involving multiple organs (Carlile et al., 1963; Adams et al., 1971; Arroyo et al., 1977) . Multiple cerebral abscesses are commonly found in cases coming to necropsy (Stevens, 1953; Cupp et al., 1960; Murray et al., 1961; Shuster et al., 1967) or any abscess may involve vital brainstem structures as in case 3 in the series of Adams et al. (1971) . In one earlier report, complicating subdural haemorrhage proved fatal which today might have been diagnosed more rapidly with CAT scanning and treated effectively (Pizzolato etal., 1961 Diagnosis of nocardiosis may be difficult, as the large number of cases identified at necropsy testifies, and can only be achieved by identification of organism in tissue sections or in culture media. Bacteriological pitfalls have been discussed elsewhere (Fetter et al., 1967) . In the usual situation where pulmonary and cerebral infection coexist, every effort should be made to obtain diagnostic material from the lung. Bronchoscopy, percutaneous lung biopsy, and transtracheal aspiration may all be necessary (Frazier et al., 1975) . Needling of a cerebral mass lesion in confirmed pulmonary nocardiosis is not usually indicated for diagnosis and may be followed by meningeal contamination as in our second case and elsewhere (Turner, 1954; Kremer, 1972) .
Accurate localisation of nocardia cerebral abscesses is a great aid in management if multiple lesions are present. In case 2 early CAT scanning showed multiple abscesses and excluded radical extracapsular excision as a practical therapeutic alternative. In case 3, by contrast, who was treated before the CAT scan era, a left sided abscess cavity was encountered unexpectedly in the process of an attempted ventricular tap. Computerised tomography also has the advantage that it can be repeated easily, allowing close and accurate radiological monitoring of the response to therapy. In nocardia abscess, plane CAT scan cuts usually show an area of decreased density at the centre of the lesion. Sometimes the abscess cavity is visualised as a ring of increased density between the low density centre and low density oedema in the adjacent white matter. It is essential that intravenous contrast medium be given after the plane cuts as more than 80% of abscesses show a ring of enhancement (Schiefer and Huk, 1976 An abscess generally has a smooth capsule of uniform thickness as distinct from the more irregular margin of a neoplasm. Also, the contents of an abscess are usually of lower density than the central area of a necrotic glioma. Serial CAT scanning is the best way to follow patients with intracranial abscess, however treated (Claveria et al., 1976) , and enables the attending physician to monitor therapy more closely than was possible in the past.
The best therapy in cerebral nocardiosis involves a judicious use of antibiotics and of neurosurgical intervention. Sulphonamides were the antimicrobial drugs of choice for many years and some authors still dispute that more recently developed drugs offer any additional advantages (Goodman and Koenig, 1970; Krick et al., 1975) . Minocycline which is useful in pulmonary infections (Back et al., 1973b) does not cross the blood-brain barrier easily and should not be used alone in cerebral disease. Co-trimoxazole is now the agent of choice in cerebral nocardiosis. Both trimethaprim and sulphamethoxazole diffuse readily across the blood-brain barrier, achieving high CSF levels (Maderazo and Quintiliani, 1974) . To ensure against the ever present risk of relapse, Goodman and Koenig (1970) 
